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TIIEOEETICAL AJD EXPSEE4ENTAL DATA FOE A NLtt'IBER OF 
NACA 6A-SEBIES AIRFOIL SECTIONS 
By Lavirence K. Loft in, Jr. 


SUMMARY 


The NACA 6A~series airfoil oections were designed to eliminate 
the trailing “edge cusp which is characteristic of the NACA. 6-series 
sections. Theoretical data are presented for NACA 6A-series "basic 
thicloiess forms having the position of minimum pressure at 30, 

40, and SO percent choi-d and with thictaaess ratios varying from 
6 percent to IS percent. AJ.so presented are data for a mean line 
designed to maintain straight sides on the cambered sections . 

The experimental results of a two -dimens j.onal wind-t\umel 
investigation of the aerodynamic characteristics of five NACA 64 A- series 
airfoil sections and two NACA 63A-series airfoil sections are 
presented. An analysis of these results, which were obtained at 
Hcynolds numbers of 3 x 10^, 6 x 10^, and 9 X 10^, indicates that 
the section minimum-drag and maximum-lift chea’acteristics of 
comparable NACA 6-series and 6A.-series airfoil sections are ossen- 
tiaily the same. Tlie quarter-chord pitching-moment coefficients 
and angles of zero lift of NACA 6A-series airfoil sections are 
slightly more negative than those of corresponding NA.CA 6-series 
airfoil sections . Tiie position of the aerodynamic center and the 
lift-curve slope of smooth NACA 6.A-series airfoil sections appear 
to be essentially independent of airfoil thiclaiess ratio in contrast 
to the trends shown by NACA 6- series sections. The addition of 
standard leadlng-edgo rouglmess causes the lift-curve slope of 
the newer sections to decrease with increasing airfoil thiclmess 
ratio . 


IN'IEODUCTION 


Much interest is being shotm in airfoil sections having small 
thiclmess ratios because of their high critical .Mach numbers. The 
NAUA 6-series aii’foil sections of small thiclmess have relatively 
high critical Mach numbers but have the disadvantage of being very 
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thin near the trailing edge, particularly when the sections considered 
have the position of minlmv!Di pressure well forward on the basic 
thickness form. The thin trailing-edge portions lead to difficulties 
in structural design and fabrication. In order to overcome these 
difficvilties, the trailing-edge cusp has been removed from a number 
of NACA 6- series basic thickness forms and the sides of the airfoil 
sections made straight from approximately 80 percent chord to the 
trailing edge. These new sections are designated KACA 6A-series air- 
foil sections. A special mean line, designated, the a = 0.3 (modified) 
mean line, has also been designed to maintain strai^t sides on the 
cambered sections . 

This paper presents theoretical pressure-distribution data 
and ord.inates for NACA 6A-series basic thickness forms covering a 
range of thiclmess ratios extending from 6 to I5 percent and a 
range of positions of minimum pressure extending from 30 percent 
to 50 percent chord. 

The aerodynamic characteristics of seven NACA 6A-series airfoil 
sections as determined in the Langley two-dimensional low- turbulence 
pressure tunnel are also presented. Tliese data are analyzed, and 
compared with similar data for NACA 6-series airfoil sections of 
comparable thickness and d.esign lift coefficient. 


COEFFICIENTS AND SYI'ffiOLS 


®d 


'^^■min 

^ ^max 
°%.c 


“i 


section drag coefficient 
minimum section drag coefficient 
section lift coefficient 
design section lift coefficient 
maximum section lift coefficient 

section pitching-moment coefficient abou.t aerodynamic center 
section pitching-moment coefficient about quarter-chord point 
section angle of attack 

section angle of attack corresponding to design lift 
coefficient 
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dc, 

^ eectlon lift-ciorve slo'ioo 

a.ao 

Y free -stream velocity 

V local velocity 

Av increment of local velocity 

Av^ increment of local velocity caiised by additional tyne of load 
distribution 

Pp resultant pressuro coefficient; difference betveen local 

upper-surface and lower-siu’f ace pressure coefficients 

R Reynolds nmber 

c airfoil chord length 


X' distance along chord from leading edge 

y distance perpendiciiar to chord 

y^ mean-line ordinate 

a mean-line designation; fraction of chord fx’om leading edge 

over vhich design load is uniform 

ail-foil design parameter (reference 1) 


TtlEORlsTICAL CH.-'®ACTERISTIC3 OF fJRFOILS 


Resignati on.- The system used for designating the new airfoil 
sections is the saiiie as that employed for the NACA 6-series sections 
(reference l) except that the capital letter A is substituted for 
the dash t-rhich appears be-kween the digit denoting the position of 
minimum pressure and fnat denoting the ideal lift coefficient. 

For example, the NACAi becomes the NACA. 6hp--i2l?. when the 

cusp is removed from the trailing edge . In the absence of any 
further -modification of the designation, the cambered airfoils are 
to be considered as havingc the a = 0.8 (modified) mean line. 

Bas ic thiclmess forms .- Tlie theoretical methods by which the 
basic thictoess .-fo'nn.s of 'bhe NACA 6-series family of airfoil sections 
were derived in order to have pressure disti-ibutions of a specified 
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type are described in reference 1. Removing the trailing-edge cusp 
vas accomplished by increasing the value of the airfoil design 
parameter 'if (reference l) corresponding to the rear portion of the 
airfoil mtil the airfoil ordinates formed a strai{]pit line from 
approximately 80 percent chord to the trailing edge. Once the final 
form of the 'if curves vas established, the new pressure distribu- 
tions corresponding to the modified thickness forms were calculated 
by the usual methods as described in reference 1. 

A comparison of the theoretical pressure distributions of an 
NACA 64p-012 airfoil section and an NACA 64 q_A 012 airfoil section 

(fig- 1) indicates that removing the trailing-edge cusp has little 
effect upon the velocities around the section. A slight reduction 
of the peak negative pressure and flatter pressure gradient over 
the- forward and rearward portions of the airfoil section seem to 
be the principal effects. The theoretical calculations also 
indicate the presence of a trailing-edge stagnation point caused 
by the finite trailing-edge angle of the MCA 6A-series sections . 

This stagraation point is, of course, never realized experimentally. 

Ordinates and theoretical pressure-distribution data for 
MCA 6A-series basic thiclcness forms having the position of 
minimum pressure at 30. ^+0^ 50 percent chord are presented 

in figures 2 to 16 for airfoil thickness ratios of 6, 8 , 10, 12, 
and 15 percent. If intermediate thickness ratios involving a 
change in thiclcness of not more than 1 to 2 percent are desired, 
the ordinates of the basic thickness forms may be scaled linearly 
without seriously altering the gradients of the theoretical pressure 
distribution . 

Moan line In order that the addition of camber not change 
the pressiure gradients over the basic thickness form, a mean line 
should be used which causes uiniforra load to be carried from the 
leading edge to a point at least as far back as the position of 
minimum pressure on the basic thickness form. The axsual practice 
is to camber MCA 6-series airfoil sections with the a - 1.0 type 
of mean line because this mean line appears to be best for higli 
maximum lift coefficients and, contrary to theoretical predictions, 
does not cause excessive quarter-chord pitching-moment coefficients . 

Tb.e a - 1.0 t3rpe mean line was not considered desirable, 
however, for the MCA ,6A“serieo basic thiclcness foims because the 
surfaces of the cambered airfoil sections would be exuved near 
the trailing edge. Hie type of mean line best suited for maintaining 
straight sides on these newer sections would bo one that is perfectly 
straight from 80 percent chord to the trailing edge . Such a camber 
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line could te obtained by modifying an a = O.T mean line. Con- 
Bideration of the effect of mean-line loading upon the maximum lift 
coefficient indicated, hovever, that a mean line having a uniform 
load, distribution as far back along the chord as possible vas 
desirable. It was found that the a = 0.8 type mean .line could be 
made straiglit from approximately 85 percent chord to the trailing 
edge without cau.sing a sharp break in the meaii line and with very 
little curvature between the 80“percent and 85“P©rcent chord. The 
aex’odynamic advantages of using this mean line in preference to one 
having uniform load to 70 percent chord were considered to be more 
important than the slight cxirvature existing in the modified 
a = 0.8 mean line. For thj.s reason, all cambered NACA 6A-series 
airfoil sections have employed the a = 0.8 (modified) mean line. 

The ordinates and load-d.istribution data correspond.ing to a 
design lift coefficient of 1.0 are presented in figure 17 for the 
a = 0.8 (modified) imcan line. The ordinates of a mean line having 
any ai’bitrary design lift coefficient may be obtained siarily by 
miuLtiplying the ordinates presented by the desirod design lift 
coefficient. 


Cambered airfoils .- Tlie method used for cambering the basic 
thickness disti-ibutions of figures 2 to iS with the mean line of 
figure 17 is described and ciisoussed in references 1 and 2 . It 
consists essentially in laying out the ordinates of the basic 
thiclmess forms normal to the mean line at coi*re spending stations. 

A discussion of the method employed for combining the theoretical 
pressiure-distribution data, presented in figures 2 to 17 for the 
mean-line and basic- bhiclcness distribution, to give the approximate 
theoretical pressure distribu.tion about a cambered or symmetrical 
aiiToil section at any lift coefficient is given in reference 1. 


^'PPARATUfi AliP TESTS 


Nind tunnel . - All the tests described herein were conducted 
in the Langlej’’ two-dlraensiona.l low- turbulence pressiure timnel. The 
test section of this tunnel measures 3 foot by 7*5 foot. The 
models cotupletely spanned the 3“foot dimension with the gaps 
between the model and tunnel walla sealed to prevent air 3.eakage . 

Lift measxu’emeixts wei-e made by taking •the difference between the 
pressure reaction upon the floor and ceiling of the tunnel, drag 
results were obtained by the wake-survey method, and. pitching moments 
vrore determined, 'vd.th a torque balance. A more complete description 
of the tunnel end the method of obtaining and red-ucing the data 
are contained in reference 1. 
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Models . - The seven airfoil sections for which the experimental 
aerod 3 ''naxaic characteristics were obtained are: 

MCA 63 AOIO 
WACA 63A510 

NACA 64A010 

NACA 61i-a2io, naca m£k 61 + 2 A 215 

MCA 64a4io 


The models representing the airfoil sections were of 2k inch chord 
and were constructed of laminated mahogany. The models were painted 
with lacquer and then sanded with No. 400 carborundum paper until 
aero^ynemically smooth surfaces were obtained. The ordinates of the 
models tested are jpresonted in table I . 


Tests .- The tests of each smooth airfoil section consisted in 
measiirements of the lii't, drag, and quarter-chord 2 >itchinfi-moment 

coefficients at Reynolds numbers of 3 x 10^, 6 x 10^, and 9 x 10^. 

In addition, the lift and drag characteristics of each section were 
determined at a Re^molds number of 6 x 10^ with standard rougihness 
applied to the leading edge of the model. The standard roughness 
employed on these 2 h-inch-chord models consisted of 0 . 011 -inch- 
diameter carborundum grains spread over a surface length of 8 percent 
of the chord back from the leading edge on the upper and lower 
sirrf aces . The grains were thinly spread to cover from 5 to 10 percent 
of this area. In an effort to obtain some idea of the effectiveness 
of the airfoil sections when equipped with trailing-edge high-lift 
devices, each section was fitted with a simulated split flap deflected 
60 ^. Lift measurements with the split flap were made at a Reynolds 
number of 6 x 10 ° with the airfoil leading edge both smooth and 
rough . 


RESULTS 


Tlie results obtained from tests of the seven airfoil sections are 
presented in figures I 8 to 24 in the form of standard aerod^^namic 
coefficients representing the lift, drag, and quarter-chord pitching- 
moment characteristics of tiae airfoil sections . The calculated 
position of the aerodynamic center and the variation of the pitching- 
moment coefficient with lift coefficient about this point are also 
included in these data. The ini’luence of the tunnel bound.aries has 
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"been removed from a3.1 the aerodynamic data "by means of the following 
equations (developed in reference 1) t 


= 0.990c^’ 

Cl = 0.973ci' 
Cmc /4 = 0.951cmj,/i^' 
ttp = 1.015ao' 


where tlie primed quantities denote the measured coefficients . 


raOOTSSION 


Although the amount of systematic aerodynauic data presented 
for MCA 6 A-series airfoil sections is not large, it is enou^ to 
indicate the relative merits of the MCA 6 a- series airfoil sections 
as compared ■v.d.th the FACA, 6 ~series sections 4 The variation, of the 
important aesrodynamic characteristics of the five MCA 64A-series 
airfoils with the pertinent geometrical parameters of the airfoils 
is shoT-nx in fig'jres 25 to 31, together with comparahle data for 
MCA 64- series airfoils. The curves shown in figures 25 to 31 are 
for the MCA 64- series airfoil sections and are taken from the 
faired data of reference 1. The experimental points which appear 
on these figui’es represent the resuJ.ts obtained for the WACA 64A-series 
airfoil sections in the present investigation. Since only two 
MCA 63A-series sections were tested, comparative resxxlts are not 
presented for them. The effect of removing the cusp from the 
MCA 63”Series sections is about the same as that of removing the 
cusp from the MCA 64-series sections. 

The comuarativc) data showing the effects upon the aerodynamic 
characteristics of I’eraoving, the trailing-edge cusp from MCA 6-series 
airfoil sections should be used -v^ith caution if the cusp removal is 
affocted in some manner other than that indicated earlier in this 
paper. For example, if the cusp should be removed from a cambered 
airfoil by means of a straiglxt-line fairing of the airfoil siirfaces, 
the amount of camber would be decreased near the trailing edge . 
Natura.lly, the effect upon the aerodynamic characteristics of 
removing the cusp in such a manner would not be the same as indicated 
by the comparative results in-esented for MCA. 6-series and 6A-serles 
airfoils. 
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pra£.“ The variation of section minimym drag coefficient \ritli 
airfoil tliicloiess ratio at a Reynolds number of 6 x 2.0^ is sho\«i 
in figure 25 for NACA 64-series and NACA 64A.-series airfoid. sections 
of varior\s cambers, "both smooth and with standard leading-edge 
roughness. As with the NACA 64-series sections (reference 1), 
the minimum drag coefficients of the NACA 64A-series sections show 
no consistent variation v’itli camber. Comparison of the data of 
figure 25 indicates tliat removing the cusp from the trailing edge 
has no appreciable effect \ipon the minimum drag coefficients of 
the airfoils, either smooth or with standard leading-edge rou.ghness. 

Increasing the Reynolds mmibcr from 3 X 10^ to 9 X 10^ has 
about the same effect upon the minimiim drag coefficient of 
NACA 64A-series airfoils (figs. 18 to 24) as that indicated in 
reference 1 for the NAC.A 64-seriss airfoils. 

Some differences exist in the drag coefficients of NACA 64- 
and 64A-series airfoils outside the low-drag range of lift 
coefficients but these differences are small and do not show any 
consistent trends (figs. 18 to 24 and reference 2.). 

Lif t . - The section angle of zero lift as a function of thickness 
ratio is shown in figure 26 for NACA 64- and 64A-series airfoil 
sections of various cambers. These results show that the angle of 
zero lift is nearly independent of thickness and is primai’ily 
dependent uipon the amount of camber for a particular type of mean 
line . Theoretical calculations made by use of the mean line data 
of figure I7 and reference 1 indicate that airfoils with the 
a = 0.8 (modified) mean line should have angles of zero lift less 
negative than those with the a = 1.0 mean line. Actually, the 
reverse appears to be the case, and this effect is- due mainly to 
the fact that airfoils having tlae a = 1.0 type of mean line have 
angles of zero lift which are only about 74 percent of their 
theoretical value (reference 1), and those having the a = 0.8 (modified) 
mean lines have angles of zero lift larger than indicated by theory. 

The measuired lift-curve slopes corresponding to the NACA. 64-series 
and NACA. 64A-series airfoils of various cambers are presented in 
figiire 27 as a function of airfoil thickness ratio. No consistent 
variation of lift- curve slope with c.ember or Reynolds number is 
shoTO by either type of airfoil. An increase in trailing-edge 
angj.e ijrodxiced by removal of the cusp tends to reduce the lift-curve 
slope by an amount which increases with airfoil tiaiclmess (see 
references 3 and 4), but it appears that, for the 6A-series airfoils, 
this decrease in lift-curve slope is just enou^ to equal the normal 
Jncreaee caused by airfoil thiclmess because the present data for the 
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6A-3ectlons show essentially no variation in lift-curve slope with 
thicloiess . The value of the lift-curve slope for smooth 
NACA. 6’lA-series airfoil sections is very close to that predicted 
from thin airfoil theory (27t per radian or 0.110 per degree) . 

Removing the trailing- edge cusp from an airfoil section with 
standard leading-edge roughness causes the lift-curve slope to 
decrease quite rapidly with increasing airfoil thickness ratio . 

Tlie variation of the maximum section lift coefficient with 
airfoil thickness ratio and camber at a Reynolds number of 6 x 10^ 
is shoT-m in figin-e 28 for MCA 6i+-series and NACA 6i|-A-series airfoil 
sections with and without standard leading-edge roughness and 
siimxlated split flaps deflected 60° . A. comparison of these data 
indicates that the cliaracter of the variation of maximum lift 
coefficient with airfoil thickness ratio and camber is nearly the 
same for the NACA. 6U-series and NACA 64A-series airfoil sections. 

The magnitude of the maximum lift coefficient appears to be slightly 
less for the plain NACA 6J4-A-series airfoils euid slightly higher for 
the NACA 6^A-8eries airfoils with split flaps than corresponding 
values for the NA^CA 64-sei'’ies airfoils. These differences are 
small, however, and. for engineering applications the maximum-lift 
characteristics of NACA 64-series and 64A-series airfoil sections 
of comparable thickness and. design lift coefficient may be con- 
sidered practically the same . 

A comparison of the maximum-lift data for NACA 64A-series 
airfoil sections vrith similar data for NACA 64-series airfoil 
sections, presented, in figures 18 to 24, indicates that the scale- 
effect characteristics of the two types of section are essentially 
the same for the range of Reynolds number from 3 X 10^ to 9 x 10^. 

P i tchln<< moment . - Thin-airfoll theory provides a means for 
calculating the theoretical qiiarter-chord pitching-moment coefficients 
of airfoil sections having various amounts and types of camber. 
Calciolations were made according to these method.s for airfoils 
having the a = 1.0 and a = 0.8 (modified) mean lines by using 
the theoretical mean-line data presented in figiu:e I7 and in 
reference 1 . The results of these calculations indicate that 
the quarter-chord, pitching-moment coefficients of the NACA 64A-.series 
airfoil sections having the a = 0.8 (modified) mean line should 
be only about 87 percent of those for the NACA 64-series airfoil 
sections vrith the a = 1.0 mean line. The experimental relation- 
ship between the quarter-chord pitching-moment coefficient and 
airfoil thickness ratio and camber, shown in figure 29, discloses 
that the plain NACA 64A-series airfoils have pitching-moment coef- 
ficients which are sli/^itly more negative than those for the plain 
N.4CA 64-series airfoils. Hie increase in the magnitude of the 
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pi‘tchlnf^"ino]2ien*fc coerficien’h of NACA 6h-A~s6ri3S airfoils as comparod 
with NACA 64-serie0 airfoils becomes greater when the airfoils are 
equipped with simulated split flaps deflected 6o^. A comparison of 
the theoretical and measvr'ed pitching-moment coefficients is shown 
in figm^e 30 for NACA 64-series and 64A-series airfoil sections. 

Tliese comparative data indicate that the NACA 64A- series sections 
much more nearly realize their theoretical moment coefficients 
than do the 64-serles airfoil sections. Similar trends have been 
shown to result when mean linos such as the a = 0 *5 type are 
employed with NACA 6-SGries airfoils (reference l) . 

Aerodynaxaic center . - Ihe position of the aerodynamic center and 
the variation of the moment coefficient with lift coefficient about 
this point were calculated from the quarter-chord pitching-moment 
data for each of the seven airfoils tested. The variation of the 
chordwis© position of the aerodynamic center with airfoil thiclmess 
ratio is shown in fir^ire 31 for the NACA fc)4-series and 64A-series 
airfoil sections . Since the data for the NA.CA 64-series airfoils 
showed, no consistent variation with camber, the results are repre- 
sented by a single faired cujcve for all cambers. Following this 
same trend, the position of the aerodynamic center for the 
NACA. 64A-sorles airfoils shews no consistent variation with camber. 
'The data of figua**es I8 to 24 show that the. variations in the Eeynolds 
number have no consistent effect upon the chordwise position of the 
aerodynamic center. 

Perfect fluid theory Indicates that the position of the aero- 
dynamic center should move rear^.i^ard. vrith Increasing airfoil thickness 
and the experimental results for the NACA 64-series airfoil sections 
follow this trend. The data of reference 5 show important forward 
movements of the aerodynamic center with increasing trailing-edge 
angle for a given airfoil thickness ratio. The results obtained 
for the NACA 24-, 44-, and 230-series airfoil sections (reference 1) 
reveal tliat the effect of increasing trailing-edge angle predominates 
over the effect of increasing thicloiess because the position of the 
aerodynamic center moves forward, with increasing thiclcness ratio 
for these airfoil sections. For the NAjCA 64A-series airfoils 
(fig. 31) the aerodynamic center is slightly behind the quarter- 
chord point and does not appear to vary with increasing thiclmess. 
Tnes.o results suggest that the effect of increasing thickness is 
counterbalanced by increasing trailing-edge angle for these airfoil 
sections « . 
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CONCLUSIONS 


From a tvo- dimensional wlnd-timnel investigation of the aero- 
dynamic characteristics of five NACA 64A-series and two NACA 63A-series 
airfoil sections the folloi'n.ng conclusions based upon data obtained 
at Reyno3.ds numbers of 3 X 10^, 6 x 10^, end 9 X 10^ may be dor awn J 

1. The section minimum drag and maxirntmi 3.ift coefficients of 
corresponding NACA 6-series and 6A-series airfoil sections are 
essentially the same . 

2 . The lif t-c\jrve slopes of smooth NACA 6A-series airfoil 
sections appear to be essentially independent of airfoil thickness 
ratio, in contrast to the trends shorn by NACA 6-series airfoil 
sections . The addition of standeord leading-edge roughness causes 
the lift-curve slope to decrease with increasing al.rfoil thickness 
ratio for NACA 6A-series airfoil sections. 

3 . The section angles of zero lift of NACA 6A-series airfoil 
sections are sli^t3.y more negative than 'those of comparable 
NA.CA 6-seri.es airfoil sections . 

k. T!ie section qua:rter-chord pitching-moment coefficients of 
NACAi 6 a- series airfoil sections are slightly more negative than 
those of comparable NACA 6-series airfoil sections. The position 
of the aerodynamic center is essentially independent of airfoil 
thiclaiess ratio for NACA 6A-series airfoil sections. 


Langley Memorial Aeronautical ILaboratory 

National A^dvisory Committee for .Aeronautics 
Ijangley Field, Va., May 6, 19^7 
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TABLE I 

ORDINATES OP NACA 6A-SERIES AIRFOIL SECTION 


NACA 65A010 


NACA 63A210 


[Stations and ordinates glvM in 
percent of airfoil cEord] 


Upper 

Surface 

Lower ; 

Surface 

Station 

Ordinate 

station 

Ordinate 

0 

0 

0 

0 

.5 

‘.816 

.5 

-.816 

.75 

.983 

.75 


1.0 

1.250 

1.25 

-1.250 

2.5 

5.0 

IM 

2.5 

5.0 

±m 

7.5 

10 

IM 

7.5 

10 

-a.9i7 

-J.524 

ll 

m 



11 

ll;^ 



ll 

Htl 

ll 

It-.pi 

is 

U.837 

k 3 

-It. 657 

50 

55 

U.613 

50 

-4.615 

U.511 

55 

-4.511 

60 

5.9I+5 

60 

-5.945 

65 

70 


65 

70 

if 

ll 

2.5U5 

2.040 

3 o 


85 

1.555 

85 

-1.555 

90 

1.030 

90 

-1.050 

95 

.525 

95 

-.525 

100 

.021 

100 

-.021 

L.E. radlxis: 0.7^ 

T.E. radius: 0.023 


[Stations and ordinates given In 
percent of airfoil chord] 


Upp>er Surface 

Lower Surface 

Station 

Ordinate 

Station 

Ordinate 

0 

0 

0 

0 

.1*23 

.868 

.577 

-.756 

.664 

1.058 

.836 

-.900 

1.151 

lA 

2 . j 69 

5.400 

1.349 

-1.125 


2.616 

-1.522 

m 

nil 

-.m 

9.863 

5.917 

10.157 


14.869 

4.729 

15*^51 

-5-167 

19.882 

5.528 

20.118 

-5.M 

24.898 

5.764 

25.102 

-5.662 

29.916 

S.O6O 

30.084 

-3.764 

54.935 

6.219 

35.065 



6.247 

6.151 

40.045 

45.025 

-3.^9 

“5-525 

49.994 

5.945 

50. 006 

-5.285 

55.012 

5.637 

54.988 

-2.985 

60.028 

5.245 

59.972 

-2.641 

65.041 

70.052 

m 


-2.2fe 

-1.861 

75.061 

5.624 

74.939 

-1.464 


m 

im 


90.050 

95.026 


im 

-n 

100.000 

.021 

100.000 

-.021 


L.E. radius: O.7U2 

T.E. radlxxs: 0.023 

Slope of radlvis throuf^ L.K. : 0,095 


NACA 61^A010 


NACA 6UA210 


Stations and ordinates given In 
percent of airfoil cbordQ 


ITpper Surface 

Lower 

Surface 

Station 

Ordinate 

Station 

Ordinate 

0 

0 

0 

0 

.5 

.804 

.5 

-.804 

.75 

.969 

.75 

-.969 

1.25 

2.5 

1.225 

1.688 

1.25 

2.5 

-1 .22| 

5.0 

2.327 

2.805 

5.0 

l2*.327 

7.5 

7.5 

-2.805 

10 

5.199 

10 

-3.199 

15 

3.813 

15 

-3.813 

20 

4.272 

20 

-4.272 

25 

4.606 

25 

-4.606 

30 

35 


30 

?5 

±11! 

4o 

45 


40 

45 


50 

ll 

til 

4.021 

50 

ll 

-4.021 

65 

3.597 

65 

-3.597 

70 

5.127 

70 

-5-127 

l5 

2.62i 

75 

-2.62i 

80 

2.105 

80 

-2-103 

85 

1.582 

85 

-1.582 

90 

1.062 

90 

-1.062 

95 

.541 

95 

-.541 

100 

.021 

100 

-.021 

L.E. radius: O.687 

T.E. radius: 0.023 
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(stations and ordinates given In 
percent of airfoil chord) 


Upper Surface 

Lower Svirface 

Station 

Ordinate 

Station 

Ordinate 

l.W 

h'Ml 

IM 

24.900 

29.917 

54.935 

ii 

ll:l^ 

95.027 

100.000 

0 

.856 

1.044 

1.342 

i-k 

3.288 

3.792 

hii 

5.656 

m 

6.014 

4.852 

4.510 

5.702 

3.057 

2.301 

1.551 

.785 

.021 

1.547 

2.615 

5.126 

7.651 

10.152 

15.126 

20.115 

25.100 

50.083 

B;SI 

SS 

54.988 

5?*972 

Pi 

9?-97U 

100.000 

-1.100 

-1.473 

-1.963 

-2.316 

-2.600 

m 

-3.062 

-2.719 

:;P? 

-.295 

-.021 

L.E. radius: O.687 

T.E. radius: O.O23 
Slope of radl\is through L.E. 

.: 0.095 
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TABLE I 

ORDINATES OF NACA 6 a- 3ERIE3 AIRFOIL SECTION - 
Concluded 


NACA 61 +a 1|10 


NACA 61 |iA 212 


(Stations and ordinates given In 
percent of airfoil chor<fl 


l^per Surface 

Lower 

Surface 

Station 

Ordinate 

Station 

Ordinate 

1.059 

2.276 

k.7h9 

7.230 

IWo 

59.910 
^.950 
1+9.989 
55.025 
60.057 
65.08s 
70.108 
75.126 
do. 151 
85.148 
90.10!^ 

95.055 

100.000 

0 

.902 

1.112 

1.451 

2.095 

5.054 

5.865 

4.580 

5.566 

6.126 

6.705 

7.151 

7.1+11+ 

7.552 

7.522 

7.5^ 

7.01^0 

6.624 

6.106 

5.967 

5.018 

2.058 

1.028 

.021 

0 , 
.650 
.918 
1 . 1<41 
2.724 
5.251 
7.770 
10.265 
15.252 
20.250 
25.200 
50.166 
55.129 
40.090 
45.050 
50.011 

54.975 

nil 

ivk 

89.896 

94.947 

100.000 

0 

-.678 

-.796 

-.969 

-1.251 

-1.592 

-1.919 

-2. 406 

-2.499 

-2.557 

-2.518 

-2.456 

-2.266 

-2.024 

-1.086 

-.760 

-.460 

-.229 

-.132 

-.076 

-.048 

-.021 

L.E. radius t 0 . 68 ' 



T.E. radius: 0.023 



Slope of 

radius throxigh L.E. : 

0.190 


^tatlona and ordinates given In 
percent of airfoil chor^ 


Upper Svirface 

Lower Surface 

Station 

Ordinate 

Station 

Ordinate 

0 

0 

0 

0 

:& 

1.015 

1.253 

.591 

.852 

-.901 

-1.07S 

1.135 

1.580 

1.365 

-1.558 

2.565 

2.225 

2.655 

-1.805 

4.81+9 

4.452 

5.151 

7.657 

10.158 

in 

-J.24 o 

i 4.849 

5.558 

15.151 

-J.796 

19 .862 

6.060 

20.158 

4.200 

24.880 


25.120 

4.LB2 

29.900 

50.100 

4.660 

34.922 

7.189 

7.272 

7.177 

35.078 



40.054 

45.050 

m 

ll:lll 

m 

50.007 

54.985 


60.054 

6.105 

59.966 

-5.499 

65.050 

5.544 

94.950 

-5.054 

70.064 

4.905 

69.956 

-2.557 

75.075 

80.090 

8S.088 

90.062 

95.052 

4.197 

5.435 

2.601 

74.925 

79.910 

±lll 

84.912 

89.958 

94.968 

-.398 

100.000 

.025 

100.000 

-.025 

L.E. radius: 0.994 

T.E. radius: 0.028 


Slope of 

radius through L.E. 

: 0.095 


NACA 61|2A215 


(stations and ordinates given In 
percent of airfoil chor^ 


Upper Surface 

Lower 

Surface 

Station 

Ordinate 

Station 

Ordinate 

0 

.588 

.624 

1.107 

?*?55 

4.811 

7.504 

9.802 
14.811 
19 .827 

24.849 

im 

60.042 

65.065 

70.079 

75.095 

80.111 

85.109 

90.076 

95.059 

100.000 

0 

1.245 

2.715 

i-k 

7.351 

m 

8.686 

8.766 

8.627 

VM 

s.782 

L.926 

U.017 

l:°oU 

1.059 

.052 

0 

.612 

.876 

1.595 

2.667 

5.189 

7.696 

10.198 

15.189 

20.173 

25.151 

50.125 

55.097 

40.067 

45.057 

nk 

lun 

69.921 

74.907 

Ilk 

89. 924 
94.961 
100.000 

0 

-1.151 

zm 

-2.291 

-5.111 

-5.711 

zhm 

-5.491 

-5.875 

-6.121 

-6.238 

-6.208 

zm 

-5.191 

1 

-5.416 

-2.766 

-2.147 

-.549 

-.052 

L.E. radius: I.56I 


T.E. radius: O.O57 


Slope of 

radius through L.E. 

: 0.095 
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Fig. 2 
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O' ' ' ' ' ' ' ' 

0 .2 . 1 ; , .6 .8 1.0 


X 

(iDercent c) 

y 

(percent c) 

(v/V)2 

v/V 

AvaA 

0 

0 

0 

0 

4.560 

.5 

.1+95 

.900 

.949 

2.079 

•75 

.595 

1.063 

1.031 

1.794 

1.25 

.754 

1.086 

1.042 

1.370 

2.5 

i.o45 

1.112 

1.055 

.976 

5.0 

i.i4;7 

1.134 

1.065 

.693 

7.5 

1.747 

1.142 

1.069 


10 

1.989 

1.150 

1.072 

.485 

15 

2.562 

1.159 

1.077 

.385 

20 

2.651 

1.165 

1.079 

1.081 

•521 

25 

2.820 

1.168 

.278 

30 

2.942 

1.170 

1.082 

.244 

35 

2.996 

1.169 

1.081 

.217 

40 

2.985 

1.162 

1.078 

.195 

h 5 

2.914 

1.151 

1.075 

•^75 

50 

2.788 

1.138 

1.067 


55 

2.615 

1.120 

1.058 

.i4o 

60 

2.596 

1.100 

i.o49 

.126 

65 

2.145 

1.079 

1.059 

.112 

70 

75 

1.859 

1.057 

1.028 

.098 


1.035 

1.017 

.085 

80 

1.248 

1.010 

1.005 

.072 

85 

.939 

.986 

.995 

.060 

90 

.650 

.964 

.982 

.047 

95 

.522 

.959 

.969 

.033 

100 

.015 

0 

0 

0 

L.E. radius: O.265 percent c 
T.E. radius; O.Oli; percent c 




Figure 2.- HACA 6jA006 basic thickness form. 
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Fig. 3 



Figure 3 .- NACA 63AOO8 basic thickness form. 
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6 



0i 

0 .2 • i ; / .6 .8 1.0 

x/c 


X 

(percent c) 

(percent c) 

(v/V)2 

v/V 

&Va/V 

0 

0 

0 

0 

2.805 

.5 

.816 

.774 

.880 

1.833 

.75 

.983 

.985 

.992 

1.594 

1.25 

1.250 

1.043 

1.021 

1.307 

2.5 

1.757 

2.10.2 

1.140 

1.068 

■M 

5.0 

1.200 

1.095 

7.5 

2.917 

1.225 

1.107 


10 

3.324 

1*245 

1.116 

.485 

15 

5.950 

1.2^ 

1.126 

.383 

20 

4.400 

1.282 

1.152 

.324 

25 

4.714 

1.290 

1.156 

.280 

30 

4.913 

1.294 

1.138 

.247 

.218 

35 

t-p 

1.291 

1.136 

to 

1.279 

1.151 


h5 

4.837 

1.258 

1.122 

50 

4.615 

1.230 

1.109 

.155 

55 

4.311 

1.196 

1.094 

.137 

60 

3.943 

1.162 

1.078 

.122 

65 

3.517 

1.125 

1.061 

.108 

70 

3.0^ 

1.086 

1.042 

.094 

ll 

2.545 

1.048 

1.024 

.081 

2.040 

1.009 

1.004 

.068 

85 

1.535 

.972 

.986 

.057 

90 

1.030 

.938 

.969 

.044 

95 

.525 

.900 

.949 

.030 

100 

.021 

0 

0 

0 

L,E. radius X 0.7^4^ percent c 
T.E. radius: 0.025 percent c 




Figure I|.- NACA 65A010 basic thickness form. 
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Fig. 5 



Figure 5«“ NACA 63-j^A012 basic thickness fom. 
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(percent c 
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• 5 

2.5 

5.0 

7.5 
10 
15 
20 
25 
50 

ll 

45 

50 

55 

60 

65 

70 


30 

85 

90 

95 

100 


(percent c) 
0 

1.20 

1 . 

1 . 

2.579 
5.618 
4.382 

4.9 ■ 

6.61 

7.455 

m 

6.587 
5.820 

w 

5.731 
2.991 

2.252 
1.512 
.772 

.052 


(v/V)^ 


?50 


v/V 

0 

.742 

.908 

.939 

1.058 

1.121 

1.150 

1.167 

1.187 

1.199 

1.206 

1.210 

1.207 

1.198 

1.182 

1.161 

1.158 

1.112 

1.084 

1.056 

1.027 

1.000 

.975 

.949 

.922 

0 


Ava/V 

1.930 

1.504 

M 

.5SE 

.526 

.282 

.250 

.220 

.196 

.174 

.1^2 

.154 

.118 

.104 

.090 

.052 

.o4o 

.028 


L.E. radius t 
T.E. radius: 


1.650 percent o 
0.057 percent c 


Figure 6.- NACA 652^015 basic thickness form. 
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Fig. 7 




Figure 7 .- NACA 6i*A006 basic thickness form. 
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Fig. 9 



Figure 9*" NACA 61|A010 basic thickness form* 
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Figure 10»- NACA 6l4.^A012 basic thickness fom. 
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Plgura 11 ,- NACA 6I12AOI5 basic thickness foim, 
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Figure 12 ,- NACA 65AOO6 basic thickness form. 
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Fig. 13 
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Fig. 15 



Figure 15 .- NACA 65j^A012 basic thickness fom. 
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Figure l 6 .« NACA 652AOI5 basic thickness fom. 
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Fig. 17 
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NACA TN No.. 1368 Fig. 19 
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Figure 20 , • Aerodynamic characteristics of the NACA 6I4AOIO airfoil section, 2i|-lnch chord. 


Fig. 20 NACA TN No. 1368 
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NACA TN No. 1368 Fig. 21 




Figure 22,- Aerodynamic characterlatlca of the NACA 6ijAi|10 airfoil section, 2i|-lnch chord 


Fig; 22 NACA TN No. 1368 
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Fig. 24 NACA TN No. 1368 
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Figure 25 .- Variation of minimum section drag coefficient with airfoil thickness for some 
NACA 6[|.-3erle3 and NACA 6itA-serle3 airfoil sectlona of various cambers In the smooth 


condition and with standard leading-edge roughness. R, 6 x lO' 
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Figs. 26,27 
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NACA 6 i 4 A-serles 
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Flgvire 26 .- Variation of section angle of zero lift with airfoil 
thickness ratio and camber for some NACA 6 ]|-series and 
NACA 6 l 4 A-serles airfoil sections. R, 6 x 10°. 
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Airfoil thickness, percent of chord 

Figure 27 .- Variation of lift-curve slope with airfoil 
thickness ratio for some NACA 6 i[-series and 
NACA 6 i 4 A-series airfoil sections of various cambers 
both in the smooth condition and w^th standard 
leading-edge roughness. 6 x 10 . 
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Fig. 28 


Flagged symbols indicate NACA 6i;A-series 



PiguP6 Variation of maxiinum section lift coefficient witb airfoil 

thickness ratio and camber for some NACA 6l4.-serles and NACA 64A- 
serles airfoil sections with and without simulated split flaps 

and standard rou^ness. R, 6 x 10^. 


Figs. 29,30 
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Figure 29.- Variation of section quarter-chord pitching-moment coeff- 
icient at zero angle of attack with airfoil thickness ratio and 
camber for some NACA 6 i|-series and NACA 61 |A-series airfoil sections 
with and without split flaps. R, 6 x 10 ^. 
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Figure 50 ,- Comparison of theoretical and measured pitching-inoment 
coefficients for some NACA 6l4-series and 6J4A-series airfoil 
sections. R, 6 x iQ-*. 


Chordwise position of aerodynamic center. 
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Variation of chordwise position of aerodynamic center with airfoil thickness 
NACA 6l|.-series and 6i4A-series airfoil sections of different cambers. R, 6 x 10 ^. 
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